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20. (CONTINUED)

"canister ra.V6n touts resulted in canister breakthrough at-re" 4-inutes in
cold (39YF [4l4 ) water and 3 hours 15 minutes in warm (70F [214C") water.
LAR V breathing resistance values at light, moderate, heavy and extreime diver
work rates were acceptable....

-o'n view oliiie short unmanned crunster durations experienced in cold vater.
a 2 eriespf 24 mannad dkvls was carried out in the OSF vet pot at 25 FSW In
70 F (21 C) and 40"F (4'C) water. Canister outlet carbon dioxide levels,
breathing resistance, and oxygen consumptions were m' isued. ,Mean canis"rdur tion was 226 1 23 minutes and 124 1 9 ,minutes in 70'T (21"Cý and 40"IF-

(4 C) water respectively. Breathing resistance was acceptable at all wiork
levels, and no other design limitations were encountered. Differences in
unmanned versus manned canister durations in cold water may be partly ottrib-
utable to slightly higher carbon dioxide injection rates during unmanned
testing

Bease on manned studies at 25 FSW, the LAR V is recomended for
Authorized for Navy Use (ANU) status to depths of 25 PSW and time limits
specified b figure 19 of this report or as specified in table 13-2 of

eI
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ABSTRACT

The modified Draeger LAR V closed-circuit oxygen rebreather was evalu-

ated by the Navv ExperimentAl Diving Unkit to determine its suitability fIr

U.S. NavV use. Previon4 evaluation of the ('.ertuan-wade scuba in izs standard

configuration found the 1AR V technically satisfactory with adequate relia-

bility and mnint' nabtIlity characteristIts; however, the clockwise oxvy5ti

'low in the breathing loop is the reverse of all U.S. Navy scuba equipment.

The manufacturer nodified 10 units for further NEDU testing. Unmanned CO2

canister duration tests resulted in canister breakthrough after 48 minutes

in cold (39"F [4C]) water and 3 hours 15 minutes in warm (70F [21"CJ) water.

LAR V breathing resistance values at light, moderate, heavy and extreme diver

work rates were acceptable.

In view of the short unmanned canister durations experienced in cole

water, a series of 24 manned dives wos carried out in the OSF wet pot at

25 FSW in 70°F (21°C) and ")O°F (4°C) water. Canister outlet carbon dioxide I
levels, breathing resistance, and oxygen consumptions were meAsured. Mean

canister duration was 226 ± 23 minutes and 124 ± S minutes in 70"F (21C) and

40*F (4C() w&ter reanoe'rivolv. RrPAt)'Ing remletace, tie -e-tble at all
work levels, and no other design limitations were encountered. Differences

in unmanned versus manned canister durations in cold water may be partly

attributable to slightly higher carbon dioxide injection rates during u.amanned

testing.

Based upon manned studies at 25 FSW, the LAR is recommended for

Authorized for Navy Use (ANU) status to depths of 25 FSV and time limits

specified by figure 19 or as specified by table 13-2 of the U.S. Navy fliving

Manual.
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G;LOSSARY

ANU Authorized for Navv Use

ata Atmosphere absolute

BPM breaths per mioute

Canister Breakthrough point aP which CO, concentration in the breath-
ing gas reached 0.5 percent surface equivalent

eC temperature in degrees Centigrade

cm H2 0 certimeters of water pressure (diiferen-.al)

C02 carbon dioxide gas

*F tomperature in degrees Fahrenheit

FSW feet of seawater

FPM feet per minute

H.P. Souasorb high-performance Sodasorb

kg.m/l breathing work in kilogram meters per liter
ventilation

kp/cm2  
pressure, in kilopound per .qtnAre enf4"Ao,.

LTV liters tidal volume

LPM liters per minute (flow rate)

NEDU Navy Experimental Diving Unit, Panama City,
Florida

02 oxygen

OSF Ocean Simulation Facility

AP pressure differential (cm H2 0' J

ppCO2  partial pressure of carbon di<xide

pp0 2  partial pressure of cxygen

psig pounds per square inch gauge

RPV respiratory miautc volume in liters per minute
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GLOSSARY

(Continued)

S.E. surface equivalent voltme

SLPM standard litera per minute

tidal volume volume of air breathed in and out of the lungs
luring normal respiration

UBA u•ndeewater breathing apparatus
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PART I: UMIANNED TESTING

INTRODUCTION

In November 1978. the Ndvy Experime-itul Diving Unit tested the modified

Draeger LAR V closed-circuit pure oxygen scuba manufactured by Draegerwerk.

Lubeck, 24 Lubeck, P. 0. Box 1139, Moislinger Allee 53/54, Federal Republic

of Germany. Previous NEDU evaluation (reference 1) of the standard LAR V

found the scuba equal or superior to the 11,S. Navy Emerson scuba with respect

to its technical characteristics, training and operational use, reliability

and maintainability. however, NEDU requested that Drtesger modify the scuba

to interface nore effectively with U.S. Navy equipment, as the standard LAR V

breathing loop 02 flow is clockwise in contrast to the counterclockwise breath-

Ing loop flow in U.S. Navy equipment.

Unmanned testing of the modified units measured breathing resistance

and CO2 absorbent cataister breakthrough duration et standard U.s. Navy

operating depths for pure oxygen scuba.

_!
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Figure 1. Oraeger LAR V Pure Oxygen UBA
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EQUIPM•NT DESCRrV1 I%

The Draeger 1AR V is a closed circuit, pure oxygen scuba providing

oxygen through a demand valve or manual bypass valve. A CO 2 absorbent

Scanister (approximitely capicity equivalent to 5.95 pounds Baralyme or

5.56 pounds Sodasorb) removes CO2 from the breathing system.r
Ful'y charged with gas and CO 2 absorbent, the LAR V weigbs approxi-

wately 25.2 poundej fully charged and in carrying case, the unit (figure 1)

weighs approximately 37 pounds. The LAR V is 16.9 inches long, 11.8 inches

wide, anid 6.7 inches thick. A belt buckle harness securing the unit to the

divtr's chest can be ringed for quick disconnect.

Major LAY V coaponents are tt. equipment case. paeumatic assembly. CO 2

scrutber asemibly, and breathing system. (For dntailed equipment descrip-

tions, see section I of NKDU Raport 11-75 [reference 11.)

FUNCTIONAL DE$CRIPTIOW

The functional desceiption of the Draeger LAR V is llltstrated in fig-

ure 2. Frou the oxygen cylinder (1), high-pressure oxygae passes through thQ

cylinder orl if• f alve (71 t-n rhe nrea.%ure reducinte reaulator (3) where

the high-pressure gas is reducel to6a working pressure of 66-psig over- 8 •

bottom setting, then piped to the

demand regulator (4) which is ad-

justable from 10 to 30 cm H2 0. High-

pressure gas is also piped to the C

to 30% kp/cm2 (0 to 4410 P31g) pres-

sure gauge located on top of equtp-

w~ent case housing. The demand regu-.

lator, secured to the equipment cise

I I 3housing and fitted to the breathing

bag (5), functions each time the bag N• \: j L,
is emptied on inhalation. On inhala-

tion, the inhalation check valve (6)

opena and the diver receives gas fron

the breathing bag. If not enough gas

is available, the demand valve actu- Figure 2. Functional Schematic

ates, adding more oxygen to the system.

I3



As the diver exhales, the exhalation check valve (7) opens, the inhalation

check valve closes and the ey'-aled gas flows through the exhalation hose (8)

to the CO 2 scrubber; it is t.,e filtered through the CO 2 scrubber (9) with

the next inhalation. During descent, or to purge the unit, the diver merely

depresses the demand bypass valve in the front center of the case housing.

V
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TEST PROCEDURE

TEST PLAN

Figure 3 illustrates test equipment setup. Unmanned LAR V testing
met applicable military specifications. Appendix A provides the complete

Stest pa.A betigmachine simulated inhalation and exhalation a
various depth: and diver work rates. Test equipment shown in figure 3 is

elistpd in Appendix B.

CONTROLLED P kWRAMETERS

A. The following parameters were controlled for breathing resistanco

tests.

I. Breathing rate/tidal volume

a. 15 BPM/l,5 liters 22.5 RMV

b. 20 BPM/2.0 liters 40.0 RMV

c. 25 BPM/2.5 liters 62.5 RMV

d. 30 RPM/2.5 liters 75.0 RXV
Se. 30 BPM/3.0 litirs 90.0 R",

time ratio: ,•6i0,h

3. Breathing waveform: sinusoid
4. Breathing gas: nitrogen
5. Incremental descent stops: 0, 10. 25 and 40 FSW (breathing

resistance tests only)

The 0O2 breakthrough teat was conducted at both 70"F (216C) and

39.29F (4C) at 25 FSW using H.P. Sodasorb.

B. Controlled parameters during canister duration teuts were as follows:

1. CO2 add rate:

a. 0.9 LPM at 23.0 R1V (2.0 LTV x 11.5 RPM)

b. 2.0 LPM at 50.0 RMV (2.0 LTV x 25 BPX)

NOTS: The CO2 add rate and RHV are alternated at 4 and 6 minute

intervals to simulate rest and moderate work rate* (50 watts)

performed on a bicycle argometer by divers during manned

equipment evaluations.

2. Relative humidity of exhaled gas: 95 percent

3. Exhaled gas temperature: 90'F (32*C) in 70*F (21C) water

80*F (30C) in 39.2'F (0C) water
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MEASURED PARAMETERS

1. Inhalation peak AP (cm H2 0)

2. Zxhslation peak AP (cm H20)

3. AP vs. tidal volume loop

4. Pressure drop across backpack (cm H2 0)

5. CO2 level out of scrubber in pe:, it S.E. (canister duration tests

"only)
6. Exhaled gas relative humidity (canister duration tests only)

7. Exhaled gas temperature in °F (canister duration tests only)

COMPUTED PAPAMETERS

Respiratory work (kg.m/l) is computed from A'? vs. tidal volume plots I
(breathing resistance tests only),

DATA PLOTTED

A. The following data were for breathing resistance tests. 11
1. Inhalation maximum AP vs. depth

2. Exhalation maximum AP vs. depth

3. Respiatory work vat depth at constant RHV and supply pressure

4. Maximum AP across canister vs. time

B. Canister duration test data plotted included:

1. C0 2 out of scrubber vs, time

2. Inhalation maximum AP vs. time

3. Exhalation maximum AP vs. time j

"1

I
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RESULTS AND DISCUSSION

BRFATHING RESISTANCE TEST RESULTS

General

Breathing resistince was measured at five RMV's t:o simulate light

through extreme diver work rates. Light work was measured at 22.5 RM,

moderate work at 40 R4V, moderately heavy work at 62.5 RMV, heavy work at

75 RMV and extreme work at 90 RMV. These tests were performed to indicate

the full range of LAR V performance.

Breathing resiatances plotted are maximum values measured during one

complete inhaldtion/exhalation cycle at a given depth and RMV.

Figures 4 through 8 plot data from LAR V breathing resistance tests.

Inhalation Characteristica

Inhalation resistance remained very low at 22.5 RMV (figure 4) regard-

less of depth and did not exceed 3.5 cm H20. At 40 RMV (figure 5), resist-

ance only reached 6 cm H2 0 at a depth of 40 FSW. The moderately heavy work

rate of 62.5 RMV produced a slight increase at 25 FSW, reaching 11.5 cm P20

at 40 FSW (figure 6). Heavy work simulated wWtt, 75 RMV (figure 7) showes

virtually no increase in inhalaLion resistance. At 90 RMV (figure 8) in-

halation resistance peaked at 16.5 cm H20 at a depth of 40 FSW.

Exhalation Characteristics

Exhalation resistance remained relatively low at all depths at 22.5 and

40 RKV. At 62.5 RMV resistance increased gradually to 19 cm H2 0 at 40 FSW.

Heavy work (75 RiV) produced 25.5 cm H20 of exhalation resistance at the

LAR V depth limit. Maximum exhalation resistance of 29 cm H20 was encoun-

tered at 90 RMV at 40 FSW.

Breathing Work

The specifications governing testing of open circuit breathing apparetus

cite peak inhalation and peak exhalatiou pressures as the standard for evalu-

ation (reference 2). However, measurements of a diver's external respiration

work in operating his breathing apparatus yield more useful data for evalu-

ating closed circuit UBA performance (roference 3). (Breathing work is defined
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as the area enclosed by a typical piresure-volume toop generated during one

complete breathing cycle as illustrated in figure 9.)

Although the IAR V demand requlatrr permits adjustments to regulator

cracking pressure from 10 to 30 cm H2 0, the highest setting was mAintained

throughotit the test. As a result, the breathing work plotted in figare 10

is an accurate reflection of light and moderate work (22.5 and 60 RMV) since

the breathing bag was never fully deflated on Inflation at these RMV's.

Breathing work of the LAR ý increa. ,s significantly at the higher RMV's;

however, adjustment of the demand regulator to compensate for heavier work

should cause a slight redaction in these values.

CANISTER DIFFERENTIAL PRESSURE

Canister differential pressures at the various RMV and incrementat

descent stops are plotted in f'gures 11 through 15. At 22.5 RMV and at a

depth of 40 FSW, total exhalation resistance measured 6.0 cm H20; canister

AP at this RMV and depth conttitures 66 percent (4.0 cm H20) of the exhalation

resistance (figure 10). At 40.0 through 90.0 RMV, regardless of depth, the

canister produced an average of 40 percent of the total exhalation resistance

measured.

CO2 CANISTER DURATION

The LAR V absorbent canister is a horizontally mounted, oval-shaped

canister with a s~ralght-through flow pattern. No baffles are present In the

absorbent bed. Canister durations of I hour 15 minutes and 3 hours 47 min-

utes to 1.O" CO2 S.E. value in 39*F (4WC) and 70*F (21 0C) water, respectively,

were within the range normally expected from an unheated canister holding

5.5 pounds of absorbent. Upon completion of each test, the canister bed was

examined. Using the color indicating absorbent granules as a guide, complete

and uniform bed usage was observed from the 70°F (21°C) water temperature test.

The 39 0 F (4*C) water temperature test showed incomplete but uniform bed usage

as would be expected under those conditions. Canister duration, plotted in

10-minute intervals for work and rest cycles, is shown in figure 16.

14
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CONCLUSIONS AND RECOMMENDATIONS

BREAT•ING RESISTANCE

Peak inhalation and exhalation resistances were satisfactory at all

depths and RNV's tested. However, exhalation pressures reached levels

normally encounterod only at much greater depths when tested at 75 and

90 RMV. Since maximum working depth for the rig is only 40 FSW this pre-

sents no real problem for the diver, but it is an indication that the

brenthing loop is marginally designed and can be improved significantly.

No fLrther testing is recommended in this area for ANt.

RESPIRATORY WORK

Breathing work was not excessive at any depth or RMV tested. In fact,

work levels remained almost constant at each RMV regardless of depth. Again,

while breathing work was satisfactory, the levels reached at the higher RMV

were greater than normally expected at such shallow operating depths and

suggest ti.aL considerable improvements can be made in the design of the

brý athing Loop.

CANSTD u~~T~MDOP

The canister pressure drop produced 66 percent of the total exhalation

resistance when light work was simulated at 40 FSW. At all other work rates

(40.0 through 90.0 RMV) the amount of exhalation resistance attributable to

the CO2 scrubber canister averaged 40 percent regardiess of depth. No modi-

fications to the canister are recommended for ANM.

CO 2 SCRUBBER BREAKTHROUGH/DURATION TEST

In warm water (70*F [21*C]) at a depth of 25 FSW the scrubber of th•e

LAR V reached a 0.5% CO2 surface equivalent after 3 hours 16 minutes anc

1.0% CO2 S.E. after 3 hours 47 minutes. In cold water (39*F [4*C]) 0.5% CO2

S.E. occurred after 48 minutes; canister breakthrough at 1.0% CO2 S.E. took

place after 1 hour 15 minutes.

Since the TAR V will be normally operating in water less than 70*F (21*C),

it is recommended that manned canister duration tests be conducted in cold

water to further verify the short canister durations meaaured during un-

manned tests.

23
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APPENDIX A

1. Test plan for breathing resistance tests

a. (1) Insure that LAR V i set to factory specification*

and is working properly.

(2) Chamber is on surface.

(3) Calibrate transducers.

(4) Open 02 supply valve to test UBA.

(5) Adjust breathing machine to 1.5 liter tidal volume and

15 BPM and take readings.

(6) Adjust breathing machine to 2.0 liter tidal volume and

20 BPM and take readings.

(7) Adjust breathing machine to 2.5 liter tidal volume and

25 BPM and take readings.

(8) Adjust breathing machine to 2.5 liter tidal volume and

30 BPM and take readings.

(9) Adjust breathing machine to 3.0 liter tidal volume and

30 BPM and take readings.

(10) Stop breathing machine-

b. (1) Pressurize chamber to 10 FSW.

(2) Repeat steps l.a(5) through l.a(10).

c. (1) Pressurize chamber to 25 FSW.

(2) Repeat steps l.a(5) through l.a(10).

d. (1) Pressurize chanber to 40 FSW.

(2) Repeat steps l.a(5) through l.a(10).

e. (1) Bring chamber to surface.

(2) Check calibration on transducers.

2. Test plan for CO2 canister duration tests.

a. (1) Insure that LAR V is set to factory specifications and
is working properly using Baralyme.

(2) Chamber is on surface.

(3) Calibrate transducers and mass spectrometer.

(4) Open 02 supply valve to test UBA.

25



(5) Water temperature to be approximately 70F (21%C).

(6) Start humidity add system.

(7) Compress chamber to 25 FSW at 75 FPM.

(8) Start CO 2 add and maintain following procedure until

1.0% S.E. CO2 is reached:

(a) 4 minutes at 0.9 LPM CO 2 add/2.0 liter t.dal

volume and 11.5 BPM

(b) 6 minutes at 2.0 LPM CO 2 add/2.0 liter tidal

volume and 25 BPM

(9) Take data every 15 minutes to breakthrough

b. Repeat step 2.a at water temperature of 40°F (4*C),

N,

I
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APPENDIX B

Test equipmeit used:

(1) Breathing mtchine/C0 2 add system/Bubble chamber (Relative

humidity and exhaled gas control system)

(2) Validyne pressure transducer w/1.00 paid diaphragm (oral

pressure and canister AP) (2 ea)

(3) Validyna CD-19 transducer readout (2 a&)

(4) Ice for wet test box during cold water canister duration teats

(5) X-Y plotter

(6) Wet: test box

(7) Mass spectrometer for analysing CO2 out of scrubber

(8) NEDU OSF chamber complex

(9) External nitrogen supply for Draeger LAR V URA

(10) Mixing box for sampling CO 2

(11) Chamber depth gauge

(12) Test UBA: Modified Draeger LAR V

(13) Breathing machine piston position transducer

(14) Relative humidity sensor and readout

(15) Strip chart recorder

(16) Exhaled Gas Resistance Heaters
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PART II* MAMNN TESTING

INTRODUCTION

At the completion of unmanned testing of tht modified Droeger LAR V

closed-circuit oxygen rebreather by NEDU, 48 minute canister durations in

cold water precluded ANU status without fuither investigation. The role of

CO2 in the exacerbation of central nervous system oxygen toxicity is well

known (4), and any closed-circuit oxygen rebreather should efficiently

remove CO2 for periods of time at least equal to the oxygen diving limits

in the U.S. Navy Diving Manual (table 13-1 and figure 13-2, 1973).

A series of twenty-four manned oxygen dives were therefore undertaken

in 70"F (21'C) and 40*F (4°C) water to determine the life expectancy of

LAR V carbon dioxide absorbent canisters and to evaluate other aspects of rig

performance under conditions of sustained, heavy work at 25 FSW.

Modifications to tthe standard Draeger LAR V for manned testing were the

same as for unmanned testing, consisting only of reversal of the breathing

loop to correspond to the counterclockwise gas flow of standard U.S. Navy

equipment. A detailed equipment description of the modified LAR V and a

discussion of the functional aspects of this closed-circuit oxygen rebresther

system can be found in Part I of this report.

TEST PROCEDURE

Six U.S. Navy UDT/SF.AL di~vers, ages 23-30, served as subjects. Eac) '

subject had passed a standard USN oxygen tolerance test prior to beginning

diving training, and was experienced in the use of closed-circuit oxygen

rebreathing apparatus. The divers were well conditioned, and prior to the

experimental series were capable of running eight km per day and pedalling

200 watts for 10 minutes on a pedal ergometer. Standard oxygen consumption

and carbon dioxide production data were obtained from each diver in the dry

laboratory on air at 1 ata prior to the dives.

All oxygen exposures were performed in the wet pot of the OSF compressed

to a simulated depth of 22 FSW. The divers exeicised on a specially modified,
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electrically braked pedal ergometer (5) mounted on a horizcntal frame placed

three feet underwater. The depth at the diver's thorax was 25 FSTI for all

studies. Each diver wore a LAR V closed-circuit oxygen rebreather (Draeger-

werk AG) containing approximately 4.3 kg of H.P. Sodasorb (W. R. Grace Co.)

as the CO2 absorbent. The diving apparatus was carefully purged at the

start of the experiment to obtain an oxygen concentration in excess of

95 percent. Continuous oxygen and inert gas sampling from the rig during

the experiment quickly increased oxygen concentrations to 99 percent.

The experiment was divided into two parts; the first part consisted of

CO2 absorbent canister duration studies, and the second part wav graded

exercise studies. During the canieter duration studies, subjects pedalled

the ergometer at 50 watts for six minutes and rested for four minutes. This

sequence continued until inspired P reached 7.6 rvnHg (1.0% S.E.), or for
C02

a maximum of five hours. Graded exercise consisted of eight 10-minute cycles

beginning with one cycle of 10 minutes of rest, followed by seven cycles of

six minutes of work and four minutes of rest. The work rates were 25, 50,

75, 75, 100, 125 and 150 watts respectively. All measurements were taken

during the final three minutes of each exercise period. Both graded exercise

and canister duration 6tudies were performed in 70*F (21*C) water with each

diver wearing a full 1/4-inch neoprene wet suit, and then repeated in 40"F
(4WC) water with each diver wearing a variable volume dry suit (Bailey suit).

Divers were briefed regarding signs and symptoms of oxygen toxicity, and all

subjects were accompanied by an air breathing standby diver at all times.

Gas samples from the canister outlet and mouthpiece ware conti Iously

monitored for P02 and PC02 with a Mass Spectrometer (Chemetron Medspect 2).

A small diameter gau sample line minimized gas sample mixing and allowed good

frequency response, thereby permitting interpretation of end tidal PCO2 values

(6). In addition, heart rate and rectal temperature were monitored, and dif-

ferential pressures between the mouth and ambient hydrostatic pressure at

mouth level were measured with a 5 psi variable reluctance pressure trans-

ducer (Validyne DP-9). All parameters were recorded on aa eight-channel

strip chart recorder. Mean oxygen consumption (V02 ) was computed from oxygen
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supply bcttle pressure drop meastired with a 3000 psi variable reluctance

pressure transducer (Validyne, DP-15), the known volume of the supply bottle,

and suitable corrections for gas sample rate and tomperature.

RESULTS AND DISCUSSION

Table I summarizes the results of the warm and cold water canister

duration studies. Canister breakthrough was defined as the number of minutes

required for canister effluent CO2 to reach 3.8 mmHg (0.5% S.E.). Iii 70*F

(21C) water, mean canister breakthrough was 226 ± 23 minutes. Diver No. 1

had a shorter oxygen exposure because his oxygen supply bottle was partially

depleted during the initial purge procedures. Diver No. 5 had his test ter-

of five seconds of ringing in his right ear. This resolved before he came

off oxygen, and his own impression was that the ringing was "normal" for him

but that he should report it. This was the only symptom consistent with

potential CNS oxygen toxicity noted during the entire study.

Mean canister breakthroug luring the 40°F (4*C) canister d'dration

studies was 124 ± 9 minutes. O wet pot temperature during Diver No. 2's

cold water dive was only v*-r /k0F (0C) and his canitr duration was longer

than the other five cold water canivter duration studies. All divers were

subjectively cold during these exposures, and particularly complained of Told

extremities. Mean rectal temperature decreased 1.0 ± 0.2°C during these six

exposures following an initial rise of about 0.2C during the first few minutes

after immersifon in the cold water. In spite of falling rectal temperature

and intermittent shivering, mean oxygen consumption, and therefore mean carbon

dioxide production during the cold water canister duration studies was not

sigrificantly higher than during the warm canister duration studies (table 1).

Mean oxygen consumption for all six cold water duration dives was 1.37 ± 0.18 SLPM,

which indicates that the amount of CO 2 presented to the canister during manned

studies was less than the 1.56 SIYM mean CO 2 injection rate used during un-

manned testing. This may account for part of the large difference between

manned and unmanned cold water canister durations.
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Figure 17 graphs inspired PCO2 versus time for all subjects in warm and

cold canister duretion studies. The shape of these curves is typical for

CO2 absorbent canister breakthrough in closed or semi-closed UBA, and the

diminished life expectancy in cold water is characteristic (7).

Table 2 summarizes the results of the twelve graded exercise studies.

Mean oxygen exposure time was 85 ± 4 minutes. The mass of C02 delivered it.

the absorbent canister during the 80-minute giaded exercise was approximatel)

the same amount delivered to the canister during the first 120 minutes of a

canister duration, and accounts for the increased inspired P during the
C02

fiaal work loads of the cold water graded exercise studies. The higher oxygen

consumptions at the lower work loads in the cold graded exercises probably

reflect shivering, and also contribute to the CO2 load delivered to the canister.

CO2 "Blow-by" was not seen during graded exercise.

Figure 18 g iphs end tidal P versus work rate for all graded exercise

studies. End tidal PO level in the cold studies increased at high work -

loads in proportion to the in':rease in inspired P Breathing resistance ,.
Co2 *

did not exceed 22 t 4 cm of water at high work rates and this was sufficiently

low to prevent an increase in end tidal P with heavy work (table 2).
C02 W

CONCLUSIONS AND RECOMMENDATIONS

The functional performance of the modified Draeger LAR V during 24 oxygen

dives at 25 FSW was satisfactory in both warm and cold water experiments,

and as such the LAR V can be rec3mmended for ANU status. The canister lura-

tion studies showed significant inter-subject variability (table 1), and

for this reason, one standard deviation was subtracted from actual mean

canister duration to obtain proposed operational limits for the use of the

modified LAR V. These limits are graphed in figure 19. A linear fit was

employed because it provided the widest safety margin.

The maximum operational. limit for the LAR V in 70 0 F or warmer water is

200 minutes. Interpolation from figure 19 for water temperatures between

40OF (4 0 C) and 70*F (21*C) is pennitted as shown. Howejer, extrapolation of

figur'e 19 for water temperatures below 40°F (4*C) is not recommended since

no Lest data is available.
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Figure 1.9. Operational Limits for Use of the
Modified Draeger LAR V at 25 FSW A4.
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While figure 19 defines the operational limits of the LAR V hardware

at 25 FSW, it does not define the established oxygen diving limits in the

U.S. Navy. These limits are presently determined by table 13-1 of the

U.S. Navy Diving Manual.

I
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